erably.
In the absence of heat stress the daily fluctuations are about 2 C, but a dehydrated camel in a hot environment may display fluctuations in excess of 6 C. Under these circumstances the early morning temperature may fall to below 35 C, and during the maximum heat load of the desert day the temperature may reach 41 C. These variations in body temperature are of significance in the water economy of the camel as discussed in previous publications (9, I 2).
Since the highest body temperatures occur when the external heat load is maximal, it is of interest to know whether or not the increase in body temperature causes increased metabolic heat production, for this would add substantially to the heat load. It is well known that the metabolic rate of mammals in general increases with increasing body temperature (e.g., fever), and decreases with decreasing temperature (e.g., hypothermia and hibernation).
If the metabolic heat production of camels increases to the same extent as in other mammals, i.e., with a Qlo of about 2 or 3, a 6 C increase in body temperature should cause an increase in heat production of some 50-100 %.
It was the purpose of this study to establish the effect of body temperature on the metabolic rate of camels. The computed equations were of the general form y = b ax GZ, which is well justified for the effect of body temperature (x) on oxygen consumption (JJ), but is an arbitrary choice for the effect of dehydration (c). Actually, the computer calculated the coefficients of the equation logy = b + x log a + z log c, and determined the standard errors and F values. The effect of this variable was estimated separately, as will be described below. MuZti@e rqression analyses. Since the data presented in Fig. I include the effect of dehydration as well as of body temperature, the entire set of observations was subjected to a multiple-regression analysis to separate these covariants. The computer determined the constants in equations of the form:
RESULTS
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with the constants Co, Cl, and C2 for each camel listed in Table   I .
In these equations % IW means percent of initial body weight, which indicates the degree of dehydration of the animal, expressed as percent of the initial, or hydrated, body weight, and TB is the body temperature in degrees C . In a hotter desert, such as the Sahara, the rate of dehydration would be faster in summer, while in winter the rate would be much slower.
Temperature eject. The regression lines for the relationship between oxygen consumption and body temperature, including all data for all four camels are given in Fig. 2 . Since the animals had different body weights, these results have been calculated per kilogram body weight to make them more directly comparable. It will be seen that there are no gross differences between the animals, which all showed an obvious temperature effect on the metabolic rate. The simplest way to express the temperature effect is by the Q10, as listed in Table  2 , column h. It should be noted that the over-all Qlo for all camels is weighted in favor of camel I because this animal was represented by more determinations than the others. The Qlo is apparently lower in the two large domesticated animals (2 and 3) than in th e t wo young feral camels (I and 4), but the material is insufficient to conclude whether any real difference existed.
Eject of dehydration. The equation for the effect of dehydration on oxygen consumption, when the data from all camels are combined, gives the regression line shown in Fig. 3 . The maximum degree to which any of these Respiration rate. It has previously been established that the main mechanism for heat dissipation in the camel is sweating, rather than panting (I 0). However, there still is a noticeable increase in respiratory rate with increasing body temperature.
The increase is from about 7 cycles/ min at a body temperature of 35 C to about 30 cycles/ min at 41 C body temperature (see Fig. 4) . Part of this increase should be due to the increase in oxygen consumption at higher body temperature, but if this factor alone is considered, the respiratory rate should only increase to about I I cycles/min.
Since The regression line in Fig. 5 shows the relationship between respiratory rate and dehydration (as expressed by the decrease in body weight), with all figures referred to a standard body temperature of 38. I 3 C. At a dehydration involving 23 % loss of body weight, the respiratory rate would be decreased by 36 %. This decrease is somewhat larger than the decrease in oxygen consumption (23.5 %) which results from the same degree of dehydration (see Fig. 3 ).
DISCUSSION
This investigation was undertaken to study the influence of degree of dehydration and of body temperature on the metabolic rate of camels. It has earlier been established that camels can tolerate an exceptional degree of dehydration.
While other mammals, if exposed to heat, are likely to succumb when the water loss corresponds to some I 2-15 % of body wt, camels have tolerated water losses exceeding 25 % of body wt without apparent ill effect (9, I I).
The body temperature of the camel can fluctuate daily by some 6 or 7 C, from about 34 to 41 C. However, such extreme variations occur only in the severely dehydrated animal when exposed to high environmental heat loads (I 2). The rise in body temperature during heat load is advantageous to the water balance of the camel in two ways. First, the increase in body temperature during the day constitutes a storage of heat which can be dissipated at night without expenditure of water. If the body temperature were to be kept constant during the day, an equivalent amount of water would have to be evaporated. Second, as the body temperature is allowed to rise, the temperature gradient (and heat flow) from the hot environment to the cooler body surface is correspondingly reduced, and thus the external heat load and the use of water is reduced. Although it has not been possible to establish the exact amount, it has been estimated that the increase in body temperature cuts the amount of water needed to dissipate heat gain from the environment to about one-half (I 2). It is well known that an increase in the body temperature of mammals leads to an increase in metabolic rate (heat production).
The metabolic heat production of the camel also increases at high body temperature, and the internal heat production thus adds to the heat load when the external heat load is at its maximum. The reduction in external heat load achieved by permitting a rise in body temperature is thus partly offset by the increase in metabolic heat load. The effect of a temperature increase on a physiological process is most conveniently expressed as the Q10, i.e., the increase that occurs with a temperature rise of IO C. The temperature fluctuations in mammals are usually so small that the Qro cannot be established with precision, but it is commonly stated that Qlo for man is about 2 or 2.5. This information is based on the work of DuBois, who reported an average Q-JO of 2.3 for fever in man (4). More recently a Qlo of 2. I was found in a human subject where an intracerebral lesion had destroyed the temperature regulation (2) . Qro for dogs has been reported to be 2.3 between 38 and 23 C (7), and for rats 2.01 between 38 and 18 C (5). Th e reduction in metabolic rate which occurs in hibernating mammals can also be used for a calculation of Q 10, which usually is in the order of 2-4 (8). However, it could be argued that this is a special case because of the profound physiological changes in the hibernating animal. If we now return to the Qlo for camels and examine the data for the animal where we have the most observations (camel I) we find that the Qro is 2.09. However, it must be noted that these data include various states of dehydration.
The elimination of this variable by multiple-regression analysis gave a Q1o of 2.29 for the same camel when all data were referred back to the fully hydrated animal (see Table  2 ). Q$s for two of the other camels were lower than 2, but the data are not sufficient to establish these values as significantly different. This is due to the small number of observations, their variability, and the narrow temperature range within which observations were made. It is worth noting that when all the data are combined for all four animals, the result is Q 10 = 2.06. Therefore, within the reliability of our data, we cannot establish any difference in Q1o between camels and other mammals.
If the metabolic rates of camels were insensitive to the temperature rise (which could hardly be expected), their Qlo should, of course, be equal to I. Since the Qro actually was about 2, we must conclude that the camel is not unique in this respect, and that a modified Qro is not an adaptation which has been employed by the camel in its adaptation to desert life (I 0). In the earlier study of the body temperature and its relation to the water economy of camels (I 2) it was not possible to give a complete account of the heat balance because the metabolic heat production in the dehydrated camel was not known. It was suggested that the metabolic rate might decrease in the dehydrated camel, but since this had not been demonstrated at that time, it was not included in the estimation of the heat balance. As a result, only an indirect estimate of the change in heat gain from the environment could be made for the hydrated and dehydrated camel.
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Our present results show that there is indeed a reduction in metabolic rate due to dehydration when the observations are referred back to the same body temperature (Fig. 3) 
